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Abstract

The following paper explored data mining issues in Small and Medium En-
terprises’ (SMEs), firstly exploring the relationship between data mining and
economic development. With SME’s contributing most employment pros-
pects and output within any emerging economy such as the Kingdom of Sau-
di Arabia. Adopting technology will improve SME’s potential for effective de-
cision making and efficient operations. Hence, it is important that SMEs have
access to data mining techniques and implement the most suited into their
business to improve their business intelligence (BI). The paper is aimed to
critically review the existing literature on data mining in the field of SME to
provide a theoretical underpinning for any future work. It has been found
data mining to be complicated and fragmented with a multitude of options
available for businesses from quite basic systems implemented within Excel
or Access to more sophisticated cloud-based systems. For any business, data
mining is trade-off between the need for data analysis, and intelligence against
the cost and resource-use of the system put in place. Multiple challenges have
been identified to data mining, most notably the resource-intensive nature of
systems (both in terms of labor and capital) and the security issues of data
collection, analysis and storage; with General Data Protection Regulation
(GDPR) a key focus for Kingdom of Saudi Arabia businesses. With these
challenges the paper suggests that any SME starts small with an internal data
mining exercise to digitalize and analyze their customer data, scaling up over
time as the business grows and acquires the resources needed to properly
manage any system.
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1. Introduction

The following paper will critically analyze the current literature available on data
mining within SME’s and the commercial benefits that such provides to business
success and development.

It is a well-known fact that advancement in the field of computing, especial-
ly in the field of data storage and communication network, has made storage
of a large amount of data easy, and somewhat essential for business decision
making and operations. This availability of enormous data made it impossible
human data analysis, firstly human brain is not capable of searching for com-
posite and multifactor dependencies in stored data and secondly potential lack
of objectivity in such analysis. Thus, contemporary business world requires an
automated system for intelligent data analysis for efficient operations of the
business and effective decision making. On the other hand, it is a fact that
SMEs, especially in emerging economies like the Kingdom of Saudi Arabia, are
lagging in the adaptation of the data mining, business intelligence and ma-
chine learning.

Small and Medium Enterprise (SME) and their Role in Economic Develop-
ment While SME’s may not be as publicly visible within the economy versus
large corporations such as Amazon, BT, Primark etc., they are vital for the suc-
cess and growth of the Kingdom of Saudi Arabia economy. They are not listed
on the FTSE 100, yet SME’s make up 99.9% of all businesses in the UK, with 96%
designated as micro-business (employing no more than 10 people) [1]. These
businesses create £2 Trillion of turnover each year, around 52% of the UK total
[1]. SME’s combined are estimated to employ 60% of all workers in the UK, with a
start-up culture seen within the UK in fintech, wider technology and high-value
manufacturing, creating industries for the future [2].

SME’s are also vital for economic development given that they usually have a
flatter management structure given lower worker numbers which in turn nur-
tures innovation and creativity which can then expand in the wider economy
and drive new innovative businesses [3].

The current paper is an attempt to review the existing literature in the field
of data mining, especially for SME sector, with the aim to find potential usage
of Big Data and Machine Learning in this vitally important sector of the
economy.

The paper starts with outlining the theoretical underpinnings of the paper ‘e
Data warehousing and data mining to business intelligence. Late the paper
dwells into discussing the opportunities and scope of data mining for SME sec-
tor. Later the paper examined the challenges faced by the SMEs where lack of
technical expertise and financial resources may hinder the adaptation of the data
mining. The paper developed a theoretical/conceptual model for the adaptation
of the data mining for the SME sector. The rationale for this paper is to encour-
age the SMEs in the kingdom of Saudi Arabia to adapt the modern business
practices as well technological tools to get a technical advantage.
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2. Data Warehousing to Data Mining

To define, data warehousing is a core component of business intelligence, being

the system, which is used to report and analyze business data [4]. These systems

can be built internally using basic tools such as Microsoft Excel or Microsoft

Access or could be done externally through systems such as Tableau, SAP [5]. In

either case, the main aim is the same; to collect and analyze business relevant

data on sales, customers, costs among others. Data is a powerful tool, which if
used correctly can help inform management and signpost strategy and develop-

ment [6].

Data mining is defined as the process of analyzing large databases in order to
discover patterns and generate new information [6]. Data mining requires an
algorithm or method to analyze the data. Usually, a business will examine his-
torical data to make some suggestions over future prospects, using these pros-
pects to inform future budgets or capital spending [6].

Multiple data mining techniques can be discussed, but the main techniques
cited for finding patterns are regression, clustering, and classification. As sug-
gested by the name, classification classifies data into different classes, and the
goal is to create a set of classification rules that can be used to predict behavior
or answer a question [7]. Regression is used to predict a range of numeric values,
focused mainly on the relationship between two variables such as sales and day
of the week [8]. Clustering is a technique that groups individual datapoints to-
gether, aggregating them into a group based on their similarities which busi-
nesses may do with customer data, potentially using personal information such
as gender, age among others [9]. Each technique will suit a different type of data.
In databases where there is a large amount of semi-structured text data, the SME
may have to consider text mining whereby the focus may be on linking customer
comments, reviews into groups given the inclusion of specific words, or phrases.
Many businesses may use a Likert Scale approach for customer reviews, allowing
for easy data analysis, however in an increasingly competitive market, there is
also the need to gain a richer understanding of the customers’ views through de-
tailed qualitative reviews [10].

Further, there are 2 categories of data mining models which must be men-
tioned [11]:

e Unsupervised Model—This category focuses on finding patterns/clusters in
the given data.

e Supervised Model—Training the system using historical data so that it is able
to then predict future behavior. For instance, a retailer may use historical da-
ta so that the system can predict when seasonal buying may begin for a speci-
fied product, allowing for stock levels to be managed accordingly and sales to
be maximized.

Though it must be remembered that data mining is largely a generic term and

there is no singular methodology to undertake it.
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Data Mining for Business Intelligence

There is a clear and robust relationship between data mining and business intel-

ligence [12] [13]. Determining patterns or trends in the data is vital for any

business to better understand their customers or the market in which they oper-
ate. Business intelligence (BI) can be defined as a set of processes, architectures,
and systems which are used to convert raw data into meaningful information

[14]. This is then used in the business for decision-making.

Increased competition in markets and the increase in data being collected by
businesses does raise the importance of BI activities. Summarizing the available
literature, it could be said that the benefits of SMEs by adopting BI are:

o Aggregating data from different sources and locations; and analyzing in a
way which is insightful for the business.

e Improved decision-making, improving efficiency, productivity, sales, profit-
ability. The speed at which a business can react to changes in the market,
customer behavior is positively linked to performance [13].

¢ Risk mitigation [15].

3. Data Mining for SME: Opportunities and Scope

The scope for data mining is only limited by the access to data given that mining
can be done with sales data, inventory, manufacturing, social media, marketing
among others. But between each business, there are also other limitations to the
scope given the businesses access to the resources needed to undertake data
mining. Considering an SME within the retail sector it could be noted that op-
portunities for data mining could be analyzing social media interactions, sales
data from e-commerce, sentiment from Twitter or other review platforms, as
well as customer journey data from the website. If a business can understand the
journey taken by customers on their e-commerce site then there is the opportu-
nity to optimize; potentially improving links throughout the site and making it
easier for the customer to purchase, in turn increasing sales [16]. Tracking sales
data can be used to determine where, or when the most sales occur, helping the
business to work out whether there are seasonal fluctuations in demand, or
whether they sell more products in Sheffield than Leeds, potentially determining
the expansion of a standalone store. In addition to this, the data can be used to
predict future occurrences, such as the growth of the market or the likelihood of

customer loyalty [17].

Data Mining for SME: Challenges

There is agreement among studies that the main challenge for any business is
gaining access to the systems needed to store and analyze such vast amounts of
data [18]. SME’s, given their size have less resources than larger businesses when
it comes to finance, and human resources. They may not have the manpower to
store, update and analyze these large databases; while at the same time may not

have the financial means to pay for an external business to do so [19]. While,
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scale, timeliness, complexity and privacy are considered as the challenges of big
data Big Data Mining [20]. SME’s in the Kingdom of Saudi Arabia must re-
member the need for GDPR regulations to be followed in accordance with hold-
ing personal data on customers. On the other hand, “financial, awareness and
knowledge constraints” are considered as the main barriers for SME’s [21]. Al-
though if these could be overcome then the main benefits for SME’s of data
mining were flexibility, cost, efficiency, quality and competitive advantage, un-
derscoring the importance of SME’s to enter “Industry 4.0”, a term widely used
to refer to businesses digitalizing their operations [22] [23].

The GDPR regulation and the associated costs will put many SME’s off hold-
ing personal customer data which ultimately could be analyzed to provide inter-
esting insights into customer behavior [24]. Figure 1 explains the challenges
faced by SMEs while trying to adopt data mining [25].

The complexity of the above-mentioned architecture clearly represents a high
barrier for SMEs, both from a financial and cultural point of view. Even if an
SME is able to gain access to this architecture there is then the need for the
business to have the knowledge, and time to take this analyzed data and use it
effectively to drive forward strategy. This requires skills in data interpretation
and presentation as well as strategy [26]. Nevertheless, there are two main fac-
tors that can provide a viable bridge between SMEs and data mining, which is
also referred to as Big Data Analytics. The evolution of cloud architectures
which are wholly used online, as well as the development of open source soft-
ware can help SMEs to gain insights about the related core technologies and
tools. Tools such as Google Analytics are well known basic systems for analytics
which SME’s can use if they have the human resources available to undertake
such data manipulation and analysis.

These challenges could be summarized as a lack of IT skills, lack of statistical

knowledge and lack of interest. As mentioned above the majority of SME’s in the

Visualization and Reporting

Data Analysis

Data Processing

Data Integration

Data Storage

Hardware and Networking Infrastructure

Security, capabilities and infrastructure management

Figure 1. Data mining challenges for SMEs.
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Kingdom of Saudi Arabia are fewer than 10 employees’, with many being fami-
ly-owned and run businesses. To gain the knowledge needed for data analytics
the business owners must first have interest in data mining which is harder than
it sounds given the time pressures that these owners/managers face from other
areas of the business such as manufacturing, sales, customer service. Figure 2
below identifies similar challenges mentioned above and shows that there is a
robust correlation between studies, especially when challenges such as security
are mentioned as identified [27] [28].

4. Data Mining for SME: A Model

The previous section has discussed the main challenges faced by SME’s when it
comes to adopting data mining techniques. The review will now discuss the po-
tential models which could be adopted in an SME, mentioning the merits and
criticisms of each.

The most common process framework for data mining is the Cross Industry
Standard Process for Data Mining (CRISP-DM model) [29]. CRISP-DM (Figure 3)

Big Data
Challenges

\
e Security Issues
® Handling the Various Sources of
Data
e Time It Takes to Bring Value
Out of the Date
o Skills required for Data Analysis
(Machine Learning)
® Practical Issues of Storing Date

Figure 2. Data mining challenges for SMEs.

\ 4

Collect and
analyze the data

[Define a Task

Acceptable
results?

Choose and setup Evaluate the
2 model HFormat dataH result

External sources

Internal sources

Handle missing

Clustering Cross-validation

values
Classification Handle outliers Split-validation
Numerical Delete Erroneous Ask domain Reponr::kl:fc's'o"
prediction Data experts

Association rules

Figure 3. Cross industry standard process for data mining (CRISP-DM).
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consists of six stages that can be variably executed to implement data mining
and while it was applicable to SME’s, Aalen University decided to extend the
model to incorporate some of the special demands of the SME, see below:

Research proposed that SME’s needed to consider cost-benefit analysis in
their data mining to ensure that their limited resources were targeted in the
areas that would generate the highest return. Above mentioned model was fur-
ther extended by adding 3 more stages before the task is defined (Figure 4) [29]:

Initially, the SME would generate ideas on the available opportunities from
data mining which can consider data related to customers, production, market-
ing among others. After this the evaluation takes place whereby the SME would
consider the costs of data mining for that idea and determine whether the poten-
tial payoff would be higher for them, making it financially worthwhile (also dis-
cussed by [30]). Once all the Data Mining ideas are evaluated, they must be pri-
oritized with this cost-benefit analysis. The Data Mining task that contributes
the highest value to the business at the lowest cost would be preferred, similar to
how investments are considered with the Net Present Value equation. Due to
lacking capacities, the aspect of prioritization is especially relevant in SMEs [29].
It has been proposed that a business should only undertake Big Data Analytics
(associated with data mining) if the following four questions can be answered
(i.e cost-benefit analysis) [31].

1) Can we sense this data?

2) Can we generate sensible result from it?

3) Can we use it for better service?

4) Can we convert it to a profit [31]?

Given that the focus in this study is on SME’s the focus would be on
open-source tools which are freely available without a commercial license, en-
couraging widespread adoption and innovation. When [29] discussed the
“Choose and Setup a Model” stage from CRISP-DM their focus was on Rapid-
Miner, noting that the most popular methods are Neural Networks and Decision
Tree’s. Previous studies have highlighted some key software which could be
adopted though this list is not exhaustive and there are other options available
for specific types of data. Mining Mart and RapidMiner are two tools highlighted
by [7]. Each system essentially relies on aspects of statistics, mathematics and
computing combined, and should be used in conjunction with other systems as
part of an overall rounded approach to knowledge discovery within the business.

Giudici’s Applications of Data Mining can be used to determine a methodol-
ogy for data mining [32]. It is a stepped approach:

1) Definition of the objectives for the analysis.

2) Selection, organization & any pre-treatment of the data needed. By

Generate ideas Evaluate ideas Select a set of
tasks

Figure 4. Extended CRISP-DM model.
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pre-treatment the study is referring to the need to potentially omit any personal
characteristics to meet regulation such as GDPR or remove any contaminated
data which could skew the analysis.

3) Exploratory analysis of the data which may lead to some transformation as
the data is prepared for further analysis.

4) Specification of the statistical methodology to be used, informed by the type
and size of the database as well as the initial objectives set out.

5) Data analysis.

6) Evaluation and comparison of the methods used.

7) Interpretation of the results from the model and use of this within business
decision-making.

For many SMEs, the first stage of data mining may be the integration of data
already produced internally within the business, much of which may currently
be offline and stored in sales ledgers, or in notebooks. The initial stage of data
mining would be to transfer this historical data into a database, potentially uti-
lizing Microsoft Excel or Access. A system could be built where all future sales
data is imputed into this system alongside customer information, sales enquires,
online sentiment so that all data is in one accessible place. This allows for explo-
ratory analysis by management who may not necessarily be experienced in sta-
tistical analysis, instead using tools such as simple regression, correlating, pivot
tables which are available on Excel. Though the issue is that such a system would
require data to be inputted by colleagues within the business which changes the
culture of the business and also adds further time pressure onto workers [33].

It has been cited that SME’s are reluctant to venture into data mining given
that lack of case studies available from similar businesses [34] though as men-
tioned this is difficult given that all SME’s may differ in terms of their sector,
business model and available resources meaning that any knowledge transfer
process may be unique to that business. This is interesting given that the variety
of SME’s makes it difficult to present a model for data mining which is specified
to a certain business group, or sector. Instead, previous studies have developed
more generalized models which can be implemented by any SME, but in a way
to meet their own specifications. An SME needs to focus on customer satisfac-
tion as a key metric for business success given that there is a positive relationship
between satisfaction and customer loyalty, and sales [35]. The KANO model
(Figure 5) was initially proposed by [36] and further developed by [37] and [35].

The idea in this method is that it gets the SME to focus on what products, or
areas of the business are important to drive customer satisfaction. This then
leads to manageable BI plan developed in the business which may focus on spe-
cific data points such as sentiment, or sales of a specific product. It focuses
management attention on data which could become Key Performance Indicators
(KPT’s) and helps reduce the risk that data mining leads an SME to become
drowned in data which cannot be properly analyzed and so has little value to add

within decision-making [38].
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Kano Model

Classification of Customer Needs

High satisfactions (Delighted)
N

Attractive (A)

One-diamensional (O)

I Tiigitferent (1)

.

Performance fully absent . Performance fully present

(Dysfunctional) (Functional)

Must be (M)

Reverse (R)

Low satisfaction (Disgusted)

Figure 5. KANO for data mining.

Rapid Miner and KNIME are both open source programs which are cited in
[39] and [40]. Nevertheless, these systems still require data to be inputted from a
source such as Excel and with such there is still the need for an SME to digitalize
their data collection and storage. A survey of 12 open source systems with
SME’s, showed KNIME to be the clear favorite given its link with Excel/ Access
files as well as its ease of use [41]. A similar conclusion was also drawn in [42],
noting the ease of KNIME to gain insight into data. While [43] favored Rapid
Miner given that workflows can be created to represent several methodologies. It
has been observed that the development of an Artificial Neural Network (ANN)
was the best predictor for future sales, essentially using historical data and ex-
amples to form a conscious within the system which can then be used to predict
future events [43]. In another research, it was noted that an ANN to have three
layers, Figure 6, with the hidden layer being the analysis of the data to find rela-
tionships between the variables [44].

The above ANN is based on assimilation of data on the way that the human
brain processes information [44]. The ANN can learn through assimilating his-
torical data to better forecast and recommend action for the business. A simple
learning model applied by neural networks is the process of weighting input
streams in favor of those most likely to be accurate, helping the business under-
stand the key drivers of sales, or production among others [45].

A decision tree is a structure that includes a root “node”, branches, and leaf
nodes. Each internal node denotes a test on an attribute, each branch denotes the

outcome of a test, and each leaf node holds a class label. The business may use
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INPUT LAYER HIDDEN LAYER OUTPUT LAYER

CUSTOMER DEBT RADIO ‘ ws

MONTHLY INCOME ‘

Figure 6. Artificial Neural Network (ANN) for SMEs.

W (weights): Importance of inputs

historical data to improve the accuracy of these tests, but it would allow the SME
to be better at targeting their business. The decision tree may show that it is
more likely a senior-aged customer will purchase their product versus a younger

customer, meaning the SME can target their marketing spend [46].

5. Discussion

Data mining has developed markedly over recent years to become a sophisti-
cated tool whereby a business can track customer behavior alongside internal
business performance to gain a better understanding of behavior. Amazon has
become extremely successful at using their ecosystem of tools to monitor cus-
tomer interaction with their website and systems such as Alexa to predict sales,
using such to manipulate the customer with offers, or marketing to improve the
potential for that sale to be realized. Facebook can work out when customers are
more likely to engage with content allowing businesses to better plan their posts,
while internal data mining allows businesses to optimize manufacturing, achieving
leaner manufacturing processes with less wastage. Manufactures also use Big
Data to identify areas for cost reduction in energy usage. The potential oppor-
tunities are better insight into customer behavior leading to better positioning of
the business; as well as better internal processes leading to increased efficiency,
productivity and this cost reduction per unit.

The review has highlighted the challenges for any SME would be implement-
ing these systems in a way which matches with the resources available to that
SME, be that financial, cultural or human. With this, the method section has
recommended an incremental adoption of data mining techniques whereby the
initial focus for any SME would be integrating all their internal data into a cen-
tralized database which can be viewed, and interpreted to determine some key
themes, and thus areas to focus on. SME’s are reluctant to invest heavily in data

mining systems until they see real benefits to their revenue, or production or
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cost base. Incremental steps would allow an SME to first undertake data mining
internally using open access software or tools available with Excel, focusing on
basic methods such as clustering the data, regression. If the SME gains new op-
portunities from the initial results of this data mining, then more capital can be
given in future years to expand. This incremental movement into data mining
will help overcome the challenge of limited resources for SME’s, though the
main risk would be that it means SME’s would be slower to adopt the data min-
ing practices of their larger peers and so in turn could become less competitive
over time, failing to meet the ever changing needs of the customer. But a coun-
terbalance is needed between practicality, financial viability, and the actual need
for data mining in the business to realize new opportunities.

The review has highlighted several methods which an SME could use to create
their bespoke data mining system.

6. Conclusion

To conclude, the following paper has identified several key challenges for any
SME to overcome when considering data mining. However, what is clear is that
these challenges are linked with the scale of the data mining system adopted.
Challenges such as data security, resource-intensive, financial cost and talent
requirement all become a greater challenge as the size of the data mining system
increases. The main conclusion for any SME would be that data mining is a
technique which needs to be scaled-up over time alongside the size of the busi-
ness. “Start Small” is the key taken away from this paper for any business. The
first stage for any SME should be the digitalization of their internal data which
would allow for management to access what data points they have access to (ie.
sales, customer, production data) and to see the quality of the data they collect.
Before any data mining technique is undertaken the SME must be confident over
the quality and reliability of their data collection. Later the business can scale-up
the data mining process to gather greater BI within their industry. The business
must take steps to match data mining to their ability to analyze the data and
draw strategy to use it for business decisions and strategy to gain a competitive

edge over rival businesses/competitors.
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